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Abstract

Hydrodynamic instabilities in a reactive liquid induced by the propagation
of waves of chemical activity (chemical waves) are investigated for ferroin-
catalyzed Belousov-Zhabotinsky (BZ) reaction by 2D spectorophotometry and 2D
velocimetry based on microscope video iraging techniques. Oscillations of
the hydrodynamic flow were detected in rotating spiral waves with an open
liquid/gas interface. Periodically wvarying deformations and irregular
decompositions of chemical wave profiles were also observed in the reactive
layer. These are due to an oscillatory hydrodynamic flow detected close to
the layer surface. A model explaining the onset of oscillatory surface
flow andv dynamic pattern deformation is discussed. New mechanisms of
chemical entrainment and curvature effect on chemical wave are introduced
for the hydrodynamic instabilities in BZ-reaction.
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Fig.l Pair of spiral waves in a thin

solution layer (depth, 0.85mm) of the
BZ-reaction. Transmitted 1ight is mea-
sured in a 3x3mm? section at the dish

center.
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Fig.2 Schematic diagram of the microscope video image

processing system for two-dimensional velocimetry and

two-dimensional spectrophotometry.
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Fig.3 Temporal trace of flow velocity in x-direction (per-
pendicular to the chemical wave propagation) at the center
of a covered layer (depth, 0.85mm) under triggering spiral
waves. Arrows:passage times of wave fronts.
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Fig.4 Temporal trace of flow velocity in y-direction
(parallel to the chemical wave propagation) at the
center of a covered layer (depth, 0.85mm) under
triggering spiral waves. Arrows as in Fig.3.

b t=12:00 c t=12:50 d t=13:13

e t=13:30 f t=13:50 g t=14:00 h t=20:00

Fig.5 Image sequence of the temporal development of 1 mm
chemical waves at 490nm under covered condition
(without illuminated polystyrene particles).
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Fi.6 Temporal trace of the flow velocity in y-direc-
tion (paraliel to the chemical wave propagation) at
the center of an uncovered layer (depth, 0.85mm).
Cover removed at t=0 min. Arrows as in Fig.3.
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Fig.7 Image sequence of the temporal development of
waves at 490nm under uncovered condition (without

illuminated polystyrene particles).
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Fig.8 Time dependence of local transmitted light (a),
and its power spectrum (b) in spiral waves under

covered condition (depth, 0.94mm).
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Fig.9 Time dependence of local transmitted light
intensity (a), and its power spectrum (b) in spiral
waves with an open liquid/air interface (depth, 0.94 mm) .
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Fig.10 Model for oscillatory deformation and turbulent
behavior of chemical waves. Chemical entrainment and

curvature effect on waves may bring the hydrodynamic
instability in BZ-reaction.
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